ABSTRACT: Forty adult patients (average age 40 years), with the clinical and radiological features of the Chiari malformations, were seen at the Toronto Western Hospital between 1967 and 1984. Surgical confirmation of the diagnosis was obtained in 32 cases; of these, 23 were classified as Chiari I malformation while 9 fulfilled the anatomic criteria of Chiari II. The patient population consisted of 22 males and 18 females. Common presenting symptoms included head and neck pain (60%), sensory complaints (60%), upper extremity weakness (42%), and gait disturbance (40%). Neurological findings included signs of central cord dysfunction (73%), long-tract motor and/or sensory findings (58%), brainstem signs (38%), cerebellar dysfunction (18%), and increased intracranial pressure (15%). The majority of patients underwent myelography with or without computed tomography of the cervical-medullary junction. Two recent patients had 0.15T MRI scans which helped demonstrate an intramedullary syrinx. Thirty-three patients underwent 47 operative procedures (discounting spinal fusion and CSF shunt revisions). Open surgical management was performed in 32 patients, with CSF shunting along in one patient. Five patients (15%) incurred surgical complications within a six week postoperative period. Follow-up to date, ranges from one month to 11 years. In the 33 surgically treated patients, 18 are improved (55%), 10 are neurologically stable (30%), and five have worsened clinically (15%), including one death. Based on this study it appears that the Chiari II malformation maybe more common in adults than previously recognized. Surgical intervention has a favourable outcome in the majority of patients but a significant proportion continue to deteriorate. RESUME: Malformation de Chiari chez I'adulte: a propos de 40 cas. Quarante patients adultes (age moyen 40 ans) presentant un tableau clinique et radiologique de malformation de Chiari, ont ete examines au "Toronto Western Hospital" entre 1967 et 1984. Le diagnostic fut confirme chirurgicalement dans 32 cas; parmi ceux-ci, 23 furent classifies comme etant des malformations de Chiari de type 1, alors que les 9 autres correspondaient aux criteres anatomiques du type II. Vingt-deux etaient des hommes et 18 etaient des femmes. Les motifs de consultation les plus frequents etaient des douleurs a la tete et au cou (60%), des problemes sensitifs (60%), de la faiblesse aux membres superieurs (42%) et des troubles de la demarche (40%). A I'examen neurologique, on retrouvait des signes de dysfonction m6dullaire centrale (73%), des anomalies des faisceaux moteurs et/ou sensitifs longs (58%), des signes d'atteinte du tronc cerebral (38%), une dysfonction cerebelleuse (18%) et une augmentation de la pression intracranienne (15%). La plupart des patients subirent une myelographie de lajonction cervico-medullaire, avec ou sans tomographic assistee par ordinateur. Recemment, on a pu demontrer la presence d'un syrinx intra-medullaire a I'aide d'une scintigraphic 0.15T MRI chez deux patients. On a precede a 47 interventions chirurgicales chez trente-trois patients, sans compter les fusions spinales et les revisions de derivation du LCR. Trente-deux patients ont subi un traitement chirurgical, un patient n'ayant subi qu'une derivation du LCR. Cinq patients (15%) ont pr^sent^ des complications chirurgicales post-operatoires en dedans de six semaines de I'intervention. A date, la periode d'observation post-therapeutique varie entre un mois et 11 ans. Parmi les 33 patients qui ont subi un traitement chirurgical, 18 sont ameliores (55%), 10 sont stables au point de vue neurologique (30%) et cinq sont empires cliniquement (15%), incluant un d6ces. En s'appuyant sur cette etude, il semble que la malformation de Chiari de type II est probablement plus frequente chez I'adulte qu'on ne le croyait anterieurement. Chez la majorite des patients, le traitement chirurgical donne des r6sultats favorables. Cependant, I'etat d'une proportion appreciable des patients continue a se deteriorer.
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Cleland first described the anomaly later referred to as the Arnold-Chiari malformation, in 1883. ' Chiari and Arnold in 1891 and 1894 respectively, 2, 3 reported their descriptions and students of Arnold later used a single eponymic term to describe the various abnormalities. 4 More recently, Peach 5, 67 and Carme |8.9.io n a v e r e v j e w e ( j these early reports and others," 1 2 , 1 3 and clearly delineate the anatomical features of the Chiari malformations (Table 1) . In both the Chiari I and Chiari II anomalies, the cerebellar tonsils are displaced downwards below the foramen magnum to variable levels of the upper cervical cord. The Chiari II anomaly, better known as the Arnold-Chiari malformation, usually includes caudal dislocation of the medulla, inferior vermis and/or the fourth ventricle and may involve dorsal kinking of the cervicalmedullary junction. The upper cervical nerve roots course rostrally. In both Chiari I and II malformations, hydrocephalus and syringomyelia may be present.
We present a series of 40 adult patients with the clinical and radiological features of the Chiari malformations seen at the Toronto Western Hospital between 1967 and 1984. Clinical presentation, radiological investigations, surgical management of 33 patients and prognosis following surgery are analyzed.
METHODS AND CASE MATERIAL
A retrospective study was done of all charts in which a diagnosis of Chiari malformation presenting in adulthood was made between 1967 and 1984. Forty patients, 22 males and 18 females, were studied. The mean age at presentation was 39.8 years (range 13-65 years). The mean duration of symptoms prior to diagnosis was 6.7 years, with agreat degree of variability; one patient had symptoms lasting one day, while another presented after suffering for 36 years.
Thirty-three patients were treated surgically and in 32 cases, the Chiari malformation was confirmed at operation. Complications related to surgery were included if their occurrence was during a six week postoperative period. Follow-up was dated from the time of the most recent surgical procedure and ranged from one month to 11 years, with a mean of 2.4 years. "Improved" denoted evidence on clinical examination, of objective improvement in the neurological status (eg. gait or motor strength) of the patient. In some patients, in whom pain or subjective visual disturbance was the presenting complaint, such an objective evaluation was not possible; a patient was considered improved if relief of the major presenting complaint was achieved. "Stable" denoted either a halt in the progression of symptoms and/or an unchanged neurological examination postoperatively.
a) Symptoms
Pain was the major complaint on presentation. Twenty-four (60%) patients experienced headache or cervical pain while 14 (35%) had shoulder girdle or arm pain. Sensory symptoms occurred in 24 (60%); these included numbness or tingling, in upper as well as lower extremities, and loss of temperature sensation. Gait disturbance in 16 (40%) patients was described as "unsteadiness" or loss of balance in 11 or as "spastic" in 5 patients. Upper extremity weakness was a complaint in 17 (43%). These findings correlate well with larger studies.' 4 Table 2 lists the presenting symptoms in 40 patients. We have chosen to omit foramen magnum compression' 6,2 ' (ataxia, corticospinal and sensory deficits, cerebellar dysfunction and lower cranial nerve involvement) as it is less specific and precise in terms of clinical diagnosis. Our patients were assigned to one or more of the 5 syndromes (Table 3) ; an average of 2 clinical syndromes per patient was documented. Other studies have assigned patients to only one predominant syndrome.' 5 ' 6 ' 8 The clinical syndromes are described as follows: 1) Central cord dysfunction was found in 29 (73%) of our patients. This included pain, suspended dissociated sensory loss and segmental lower motor neuron weakness.
2) Long tract motor and/or sensory findings were seen in 23 (58%) who presented with a combination of dorsal column involvement, pyramidal tract findings and spasticity.
3) Brain stem compression in 15 (38%) patients included impaired cranial nerve V, VI1, IX-X11 function and/or nystagmus (usually downbeating). 4) Cerebellar dysfunction was present in 7 (18%) patients. Limb and/or truncal ataxia and/or nystagmus (horizontal) were the presenting signs.
5) Raised intracranial pressure signs were found in 6 (15%) patients. Visual disturbances were found in 12 (30%) patients. They presented with nystagmus, 9 of the horizontal type, 6 of the downbeating type and 2 of the rotatory type. Other ophthalmologic signs included absent corneal reflex in 5 patients (13%), 2 with papilledema (5%) and 6 (15%) with a partial or complete Horner's syndrome. These findings are listed to emphasize that a careful examination of the vestibulo-ocular pathway may be useful in diagnosing a patient with adult-onset Chiari malformation. c) Neuroradiological Investigations (in 33 surgically treated patients) 1) Skull films were done in only 17 (52%) patients. Eight were normal studies, while 2 demonstrated platybasia; another showed basilar impression and a concave clivus. Two patients with raised ICP had a copper-beaten appearance of their calvaria.
2) Cervical-spine films were done in 22 (67%) patients either as a separate study or as part of myelography. Eight showed degenerative changes, while in 6 a normal study was found. Spina bifida occulta was documented in 5 patients, 2 involving the cervical spine.
3) Pneumoencephalography and cerebral angiography were done in the years preceding computed tomography. In 2 patients, ventriculomegaly was demonstrated.
4) Myelography was performed in 29 (88%) patients using various contrast media (air, iodine, metrizamide), and in recent years, metrizamide myelography has been combined with a delayed CT scan (16 patients). A widened cord was found in 24 patients (83%) while caudal displacement of the cerebellar tonsils was noted in 22 patients (76%), from the foramen magnum to the C2 spinal level.
5) Computed tomography was done separately in 19 (55%) patients; sixteen had CT of head and spine while 2 had CT of head alone. A syrinx was demonstrated in 9, with the tonsils displaced downwards in 15 patients. Four patients had ventriculomegaly.
6) Magnetic resonance imaging (MRI) using an 0.15T magnetic field was done in 2 patients. In both, a syrinx was demonstrated but only one showed caudal displacement of the tonsils (Figure 1 ).
d) Operative findings
Based on surgical anatomy, 23 patients were classified as Chiari I and 9 as having Chiari II malformation. Tonsillar descent was found in all patients having an open surgical procedure. Demonstration of a syrinx (direct visualization or aspiration) only occurred in 17 patients, although 25 presented with the clinical syndrome of central cord dysfunction. Kinking of the cervical-medullary junction was evident in 6 (19%) patients, and caudal dislocation of the medulla was recorded in 2. These criteria were the major determinants of a Chiari II malformation designation. Arachnoid adhesions were described in only 9 patients (28%). The upper cervical nerve roots were upgoing or horizontal in 9 patients (28%); this was seen in both Chiari I and II malformations (Table 5 ).
e) Surgical treatment
Figure 2 summarizes 33 patients who underwent 47 operative procedures (discounting spinal fusion and CSF shunt revisions). One patient had CSF shunting alone while the remaining 32 underwent posterior fossa decompression and cervical laminectomy, usually from CI to C3 inclusive (the majority with duroplasty). Of these 32 patients, 9 had decompression alone, 3 had CSF shunting in addition, and the remaining 20 had plugging of the upper end of the central canal (obex) with a fascial or muscle plug. Twelve of these patients had additional or subse- quent procedures. Eight had aspiration of an associated syrinx while 4 had various CSF shunts performed: terminal ventriculostomy (section of the filum terminale) in 2 patients, VP shunting in another patient and a syringo-subarachnoid shunt in the fourth patient. Three of 8 patients who had syrinx aspiration had other CSF shunts placed while the remaining 5 had this procedure alone. Syrinx aspiration resulted in cord collapse in 3 patients and in one patient the syrinx was identified but not drained. One patient, who later died, required 4 procedures over 5 years including posterior fossa decompression, laminectomy, obex plugging, a VA shunt and, finally, repeat obex plugging.
f) Surgical Results

(i) Surgical Complications
Five (15%) patients incurred surgical complications within a 6 week postoperative period. In 2 patients a CSF leak and a wound hematoma occurred respectively. Both were localized to the laminectomy site and were treated by aspiration. Hydrocephalus was diagnosed in a third patient postoperatively; he subsequently underwent a CSF shunting procedure. Hemiparesis resulted in another patient, but resolved spontaneously prior to discharge from hospital. A fifth patient complained of further sensory deficit in an extremity. No patients experienced respiratory complications which have been previously documented.
15182223 -
24
(ii) Surgical Outcome
Results of surgical treatment are outlined in Tables 6,7 and 8. Follow-up varied from one month to 11 years with a mean of 2.4 years. Outcome was analyzed with respect to surgical anatomy, surgical procedure and presenting clinical syndrome. Overall, 18 (55%) are improved, 10 (30%) are neurologically stable, and 5 (15%) have worsened clinically including one death.
DISCUSSION
The Chiari malformations present in adulthood in variable fashion; often diagnosis and subsequent surgical treatment are delayed. Thorough clinical examination and a high index of suspicion remain important in diagnosis. Neuroradiological investigations, however, are essential to document tonsillar and/or vermian herniation and/or the presence of a syrinx.
Myelography with or without delayed contrast computed tomography (CT) was performed in 29 of 33 surgical patients; in 24 (83%) patients, a widened cord, suggestive of a syrinx, was found. In several studies only 75-90% of syrinxes have been detected with water-soluble contrast CT scanning. 22 ' 2526 -2728 -
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A pre-operative accuracy of 87% combining metrizamide myelography with delayed contrast CT scanning has recently been reported. 30 Magnetic resonance imaging (MR1) has been shown to be a useful adjunct in demonstrating pathology of the cervicalmedullary junction and in differentiating intramedullary spinal cord tumours from sprinxes. 31 ,32 ' 33 ' 34 As more centres become familiar with its use, MRI will likely replace myelography with CT scanning as the diagnostic investigation of choice in those patients presenting with the clinical syndrome of central cord dysfunction, and those suspected of having a Chiari malformation.
The morphogenesis and pathophysiology of the Chiari malformations and syringomyelia has been described by several authors and numerous reviews are available in the neurological literature. 14 in other series could be due to variable reporting in the operative note. Levy et al report that only 106/127 (83%) clearly had cerebellar tonsils below the foramen magnum 14 while the majority of other papers, including the present series, report that all patients have tonsillar descent evident at the time of operation. 1 5 1 6 1 8 1 9 At surgery, a syrinx was demonstrated in 17 patients, although 25 presented with the clinical syndrome of central cord dysfunction. In two recent series, only 4 1 % and 32% had a syrinx demonstrated at operation. 1415 It can be postulated that the syrinx may not be visible after bony decompression has occurred. Often, the syrinx is below the region where cervical laminectomy is performed or perhaps it is not looked for. Another possibility is that the syrinx is manifested by central cord cavitation and the spinal cord itself is not widened.
Various surgical procedures have been advocated in the treatment of symptomatic patients with a Chiari malformation. 14.15.16.29.51.54.63.64 T w e n t y p a t j e n t s j" o u r s e r j e s had plugging of the obex in addition to posterior fossa decompression (Gardner's procedure). Within this group, 4 patients had various syrinx shunts (syringo-subarachnoid and/or fourth ventriclesubarachnoid) and 2 patients underwent terminal ventriculostomy. A review of the literature regarding syrinx shunting reveals results differing only slightly from those with bony decompression alone. I6 65 Barbara etal documented "good" or "fair" outcome in 12 of 15 with idiopathic syringomyelia treated by syringoperitoneal shunts. 30 Lesoin et al reported a series of 8 patients treated by syringoperitoneal shunting and followed them from 3 to 12 months. Seven showed neurological improvement and I patient remained stable. 66 Cahan and Bentson reported no difference in patients undergoing Gardner's procedure who did or did not have a fourth ventricle to subarachnoid shunt placed in addition to the obex plugging. 29 Terminal ventriculostomy was first described by Gardner in 1977. 67 It has been advocated as a treatment for syringomyelia, especially when posterior fossa decompression has been followed by progression of symptoms. 45, 65, 67 Williams and Fahy reported 31 cases; 3 definitely improved and 10 patients did not show any improvement. The remaining 18 patients initially had marginal improvement, but the majority (12) continued to deteriorate after this procedure. 40 Surgical outcome in our series compared favourably with other surgical series having 30 or more patients. 14151617 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Analysis of surgical outcome was accomplished by examining results with respect to surgical anatomy, surgical procedure and presenting clinical syndrome. Twenty-three patients with Chiari I (mean age 42.0 years) and 9 with Chiari II (mean age 33.1 years) malformation were classified (Table 6 ) but no difference was detected between these groups regarding outcome. Twelve patients had bony decompression alone or with CSF shunting procedures. Six (50%) improved, 5 (42%) were stable and one (8%) worsened. Twenty patients had plugging of the obex in addition to bony decompression; of these 11 (55%) improved, 5 (25%) were stable and 4 (20%) worsened clinically. In our series, plugging of the obex did not appear to produce a more favourable outcome ( Table 7) .
Identification of presenting clinical syndromes was helpful with respect to prediction of surgical outcome ( Table 8 ). Four of 6 (67%) with raised intracranial pressure, 9 of 12 (75%) with brainstem compression, 5 of 7 (71%) with cerebellar dysfunction and 12 of 19 (63%) with long-tract findings improved with surgical treatment; however this data must be interpreted in light of the fact that most patients were assigned 2 or more clinical syndromes. Only 13 of 25 (52%) with central cord dysfunction improved while 7 (28%) remained stable and 5 (20%) continued to decline neurologically. Of the 8 operated Most series (including ours) represent relatively small numbers of patients and comparisons of treatment regimes are not amenable to statistical analysis. However, based on our series and the literature reviewed, we are proposing a recommended approach to the diagnosis and surgical treatment of patients having adult-onset Chiari malformation (Figure 3 history and physical examination must precede any neuroradiological investigations, which at present should include both metrizamide myelography with delayed contrast CT scanning and magnetic resonance imaging (MRI Follow-up of patients with Chiari malformations often poses some difficulties regarding objective assessment. Frequently, the presenting symptom such as pain or visual disturbance cannot be quantitatively tested and the clinician must depend upon subjective reports. It may be useful in patients with nystagmus to assess this finding quantitatively, both pre-and postoperatively, using electronystagmography (ENG). 71, 72, 73, 74 Brainstem auditory evoked responses have recently been used to document and follow patients. 75, 76 Pain may be semiquantitatively assessed using prepared standardized questionnaires such as the McGill Pain Questionnaire. 77 The natural history of the Chiari malformations presenting in adulthood is not known and many patients have variable courses. 14, 78 Clearly, long-term follow-up is essential if we are to better understand the Chiari malformations and their clinical sequelae. CONCLUSIONS 1. The Chiari II malformation may be more common in adults than previously recognized. Apparently, the Chiari malformations are a spectrum of related congenital anomalies and division into Chiari I or Chiari II may be an arbitrary one. There was no difference in surgical outcome between these 2 groups.
2. Magnetic resonance imaging (MRI) is a useful test in demonstrating cervical-medullary pathology. Neuroradiological investigation of patients with a Chiari malformation should include metrizamide myelography with delayed contrast computed tomography and MRI if available.
3. More than one-half of patients improved with surgery; of the remainder, Vi became neurologically stable and Vs continued to deteriorate. Patients presenting with clinical evidence of central cord dysfunction tend to have a less favourable outcome. Those with evidence of raised intracranial pressure, brainstem compression or cerebellar dysfunction, without central cord dysfunction may have a more favourable outcome.
4. Plugging of the obex, in our series, did not produce a more favourable outcome. We only recommend obex plugging for patients with tonsillar herniation, demonstration of a syrinx, and a rapidly progressive clinical course.
